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ABSTRACT
An energy analysis has been performed on the soft drink, beer and
milk container systems. The study shows that the energy required to de-
liver a unit of beverage to the consumer is about three times more in
throwaway glass containers than in returnable bottles or bimetallic cans.
The energy cost of recycling glass (collecting, separating and remelting)
is greater than the comparable cost of mining materials for new bottles.
All aluminum cans are about 38% more energy intensive than bimetallic
cans. The retail dollar purchase is about 30 percent more for soft drink
throwaways, and slightly higher if litter and solid waste disposal costs
are added.
To complete this study it was necessary to examine the metal, paper,
glass and plastics industries in considerable detail. Table 8 summarizes
some additional important and interesting results concerning the container
materials. Also, a summary of the energy ratios derived in this report
is given in Table 9.
Hopefully this paper provides a quantitative method for analyzing
complex industrial-commercial-environmental problems. It is further
hoped that the paper stimulates other energy investigations for the purpose
of taking a truer measure of the effects of our technology.
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GENERAL
Recycling is a complex problem. Most everyone agrees that the
recycling of consumed resources promotes a more desirable environment.
We recognize that the materials which constitute most of our goods, are
finite. The dispersal of these materials into landfills is therefore viewed
as wasteful of both land and materials. These materials should somehow be
reintroduced into our system of consumption. A simplistic view of such
a system is to return the used item to its point of manufacture; i. e. , an
abandoned auto is dismembered and the steel is returned to the steel
companies, discarded glass bottles are returned to the bottle manufacturer,
etc. This is a highly simplified recognition of the law of conservation of
mass. However, little public or scientific environmental attention has
been given to a companion physical law, that of conservation of energy.
Energy resources are also finite and also cause environmental degrada-
tion when consumed too rapidly. Full pollution control may ultimately
be achieved, but there is no alternative to resource depletion.
A consideration of both laws lets us decide when and where to re-
introduce the used material or whether a material form needed to be created
in the first place.
The object of this paper is to present an example system in which
both of these physical laws can be used to describe a recycling process in
the packaging industry. If any generality can be gained from the example,
it is that recycling of mass should be accomplished at the earliest opportun-
ity, in order to use the least mass and the least energy of the alternatives
available to perform a desired service.

A second and equally important purpose is to introduce least-energy
systems analysis as a means of system choice. The rising cost of energy
due to the internalization of environmental costs, the fluctuating foreign
supplies and the decrease in certain proved energy reserves in the U.S. (1)
all lead to use of energy systems analysis solely for extending survival.
In an energy shortage, the most efficient energy systems will dom-
inate, but we must also soon question the need of the quantity consumed
in providing a given quality of life. In other words, there is an extremely
important distinction between evaluating system efficiency and evaluating
system energy flow; the former is primarily an engineering matter, the
latter is mainly a societal one.
Had energy not been so accessible and therefore so cheap in the
U.S. , many systems might not be so extensive and in use today, e. g. ,
the automobile, the alumnium industry, the packaging industry, etc.
But energy is rapidly becoming expensive. Dr. David Schwartz, assis-
tant chief of the Office of Economics of the Federal Power Commission
estimates that the internalization of environmental costs alone will raise
the cost of electricity about one cent per kilowatt hour which should more
than double the current industrial prices. We therefore must plan for
least-energy-consuming systems. In fact, some hold that energy is the real
currency in systems made of living components. Under this view, items
would have as their true value the resource energy committed in their
manufacturing. This type of pricing reflects wasted energy and dwindling
energy resources, as well as the scarcity of the mass involved.

THE PROBLEM
The packaging industry has blossomed in the last few years with
the American consumer paying about $25 billion in 1966 for packaging,
ninety per cent of which was discarded (2). By 1971 the packaging
industry had become an even larger multibillion dollar interest which
opposes the reduction of the amount of materials used in wrapping, sack-
ing, canning, bottling and otherwise protecting and selling merchandise to the
consuming public. Based on convenience appeal to our increasingly mobile
society, advertising campaigns, principally by container manufacturers,
have convinced a public that the throwaway container works in their best
interest. But litter, problems in solid waste disposal, high consumer
purchase cost, and resource drain are fostering a worthy adversary to
the packaging syndrome.
Nowhere is this conflict more clearly underscored than in the pack-
aging of beer and soft drinks. These two commodities alone constitute a
major portion of the food and beverage consumed by the U.S. public and
about one-half of all beverage and food containers (2).
The purchase price for soft drinks in throwaway glass is thirty
per cent more than when it is sold in returnable containers (20). Added
to this are litter pickup and hauling and landfill costs, paid by the con-
sumer through monthly billings from trash haulers and state and municipal
taxes. There are, in addition, the environmental costs of material and
energy production paid in terms of health and aesthetic losses such as lung
damage from power plant emissions and land strip mined for coal. Were
these costs tabulated and presented to the consumers at the time of purchase,

consumers would at least know the true cost of packaging
might choose to buy less expensive returnable containers. A recent con-
sumer survey in Illinois (25) indicates a preference for the returnable
soft drink container.
On the other hand, the packaging people have wedged themselves
into the economic web causing a redistribution of labor. Labor, as well
as the packaging industry, is opposed to a reduction in the volume of
throwaway containers. One wonders if a reduction in the use of the
earth's capital supplies of energy might actually mean an increase in
the need for human energy and consequently fuller employment. Indeed,
Professor Hugh Folk (23) has shown that a return to returnable bottles
would cause a net increase of 1500 jobs in Illinois.
THE EVOLUTION OF THE PROBLEM
The first efforts at market conversion to one-way beverage con-
tainers were made by the steel industry in the late forties and early
fifties. Together with the major can companies they viewed the beer and
soft drink market as the last major expension area for steel cans. With
returnable bottles averaging about forty trips, it was clear that forty cans
would be needed to replace each returnable bottle over a period of six to
eight months. Aluminum companies made their entrance into the market
in the mid to late fifties introducing the all-aluminum beer can. Aluminum
has since appeared in the tops of steel beer and soft drink cans to facili-
tate opening.
A surprisingly early success of cans was found in the ghetto areas of
major cities. The generally small family storage and cooling space of the

inner city dweller requires purchases of one cooled package per visit
to the market. Purchased in such a way, the three to four cent deposit
per returnable bottle lacked the aggregate appeal of a returning case of
bottles. Further, the process of reacquiring the deposit appears to be
very demeaning for the inner city proud but poor (8). There was also a
stiff retailer resistance in accepting returned bottles because of diminish-
ing retail storage space. In I960, for example, forty per cent of the
roofed supermarket space was devoted to non-selling storage and in 1970
only ten per cent of such space was for storage (8). However, the bottler's
storage space has increased significantly due to the diversity of containers (8).
Suburbanites tend to favor returnable bottles much more than the inner
city dweller. Suburban women make regular food shopping trips by auto,
and also can exert more influence over the retailer. As a result the trips
per returnable bottle are significantly greater in the suburbs.
Since the beverage makers and bottlers were not selling containers
to the public, they were indifferent to the needs of the steel and can compan-
ies. It fell incumbent on the beverage wholesalers and retailers to aid in
the conversion of the market to throwaway containers. The concept of minimum
non-selling storage space and the elimination of the labor of sorting and stack-
ing returnables had obvious appeal.
At about the same time, glass bottle manufacturers realized the impact
of cans on their market and competition between glass and steel throwaways
began. With these pressures from both sides, the bottlers revised their
bottling lines to handle throwaway containers.
Therefore, the decline in return rate and retreat from the market place

of the returnable is not caused by bottle fragility but is due to general
affluence, competition from other packages, and advertising, the mechanism
for the change in consumer habits.
The returnable bottle has been the real victim in the price battle
between the can and the throwaway bottle as evidenced by the following
quote (26):
The chairman of the board of Owens-Illinois Glass Co. testified
that he takes into account the price of metal containers in pricing
containers for beer, soft drinks, and household and chemical prod-
ucts, and to a lesser degree for toiletries and cosmetics. In
assessing the likelihood that it could "penetrate (the) tremendous
market" for soft drink containers, Continental (Can) concluded
"(a)ssuming that the merchandising factors are favorable and that
the product quality is well received, the upper limit on market
acceptance will then be determined by price." Continental also
stated in an inter-company memorandum that in the fight between
the beer can and the one-way bottle "(t)he key factor, in our
estimation, is pricing," and concluded that a reduction in the
price of one-way beer bottles was to "be regarded as a further
attempt on the part of the glass manufacturers to maintain their
position in the one-way package field. "
That the container manufacturer uses advertising not only on the
consumer but on the other key parts of the industry is admitted (26):
.An official of the Glass Container Manufacturers Institute described

that organization's advertising program as three-pronged, \
directed at the packer, the retailer, and the uLtimate consumer.
The impact of the throwaway campaign is partially described in
Table 1 and Figure la, which show that the return trippage of the soft
drink bottle and the market share of the returnable bottle have declined
appreciably. Figure lb indicates that beverage consumption has risen by
a factor of 1.6 from 1958 to 1970 while beverage container consumption
has risen by a factor of 4. 2 during the same period.
Market share, returnable bottle percentage 1958 1966 1976
Soft Drink 98 80 32
Beer 58 35 20
TABLE 1. A COMPARISON OF THE RETURNABLE BOTTLE
MARKET SHARE (PERCENT) FOR BEER AND SOFT
DRINK BEVERAGES (2).
There are several reasons for the lag of the soft drink market
conversion to throwaway containers. The relatively high cost ratio of
the throwaway container to the total soft drink product is probably the most
important reason. Another possible force which slows the throwaway in-
trusion is the housewife's generally excellent grasp of the unit cost of
soft drinks. This probably occurs because she is an experienced shopper
while the beer purchaser is less familiar with the importance of such
calculations. The relatively high refill rate on beer containers is largely
due to the type of retail outlet (tavern) and that the market percentages are
more nearly stable relative to soft drinks. Finally, the relatively high
acidity and oxygen content of soft drinks made the use of cans difficult.
There is still reluctance among some bottlers to continue the throw-

8away practice simply because the one-way container increases the cost
of consumption and therefore reduces sales and consequently profit.
Many claim, however, that the throwaway container has increased their
sales volume and accordingly improved their competitive position.
But the bottlers are succumbing to the "economics of scale" and
following the centralizing tendencies of other industries. For example,
there were 8000 soft drink bottlers in I960 and a decade later their num-
bers had dwindled to only 3600 (8). The centralized bottlers tend to the
one-way container because of the inefficient return shipping of empty
returnable bottles.
The only force which is opposing this centralizing tendency is the
franchising procedure used by the major beverage makers. These franchi-
ses provide each bottler an exclusive territory which tends to aggravate
the large food wholesalers who are required to buy soft drinks locally. This
procedure breaks up the food wholesalers "economy of scale" and has con-
sequently produced the "private label" soft drink. These brands are pack-
aged exclusively in cans and sold over extremely large areas from very
large centralized plants. The "private label" soft drinks are sometimes
sold with the wholesaler or retailer label and tend to be much lower priced
than the major brands. The price difference is in the beverage, however,
not the container.
Recently the Federal Trade Commission filed a complaint with the
U.S. Justice Department to break up the major soft drink franchise
operation charging that these operations tend to exclude competition. The
small bottlers are quite opposed to this complaint as they feel it will lead

9to large centralized canning plants (8).
The economic involvement of packaging has been deceptively low
but it has been estimated that a return to returnable bottles from throw-
away beverage bottles and cans would reduce the purchase costs by $1.4
billion per year (23).
Because of the increased cost and because of increasing average con-
tainer size, a plethora of bottle and carton sizes has accumulated on the
market. Beverages are sold in 7, 10, 12, 16, and 28 oz. containers and
sold singly, in 6 packs, in 8 packs, or in 24 bottle cases. This great
variety tends to conceal the unit cost from all but the most calculating
consumer. For example, six 12 oz. cans sell for $. 99. The marked price
encourages can sales but actually the beverage in returnable bottles is
about thirty per cent less expensive than cans or throwaways. A recent
court ruling in Illinois declared it illegal to tax the consumer on the de-
posit charge. This has had the effect of requiring a clear display of the
deposit charge.
A 12 oz. returnable soft drink bottle costs the bottlers about $. 09;
a 12 oz. throwaway bottle costs about $. 04 and a 12 oz. can costs about
$. 05 (8). Even though the glass throwaway costs less than a can, it is
heavier and subject to inconvenient breakage. Cans can be shipped more
compactly than one-way glass bottles and are much less difficult to dis-
pose of. Throwaway glass containers can be returned to the bottle makers
as waste glass (cullet) although color separation is a considerable problem.
The small percentage of returned cans are not remelted but chemically
dissolved to obtain copper which is currently very scarce in natural form
(Continental Can, Robert Grisimer, 10 August 1970).
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Besides the drop in returnable bottle trippage, other results of
heavy emphasis on throwaway packaging were a sharp increase in road-
side litter and a significant increase in solid waste. In particular, those
who were now committed to the one-way container were quite concerned
with the inverse advertising provided by a labeled discarded container.
The agencies which had formed to promote their own interests now joined
together to form an anti-litter organization. The Can Manufacturers
Institute and the Glass Container Manufacturers Institute teamed with the
U.S. Brewers Association and the National Soft Drink Bottlers Association
to form the vehicle for public education against littering, "Keep America
Beautiful, Inc. " It was through advertising campaigns by these agencies
that I became interested in the packaging industry. It initially seemed a
paradox that these same agencies would vigorously and successfully oppose
the reduction in generation of solid waste and litter and at the same time
promote anti- littering campaigns.
In answer to the solid waste problems the above agencies have
actively supported a solid waste collection system which would gather
household and commercial waste and separate the waste into recyclable
components from which new products could be made.
The industry's proposed solution closes, with the exception of lost
materials, the mass flow loop in packaging beer and soft drinks. The
industry calls this "remelting" concept "recycling, " and it is. But re-
turnable bottles are also a form of "recycling," perhaps best called
"refilling. " However, the system in use today seems to be tending toward
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exclusive use of the one-way container without the collection, sorting
and remelting system. Thus, we have three systems, two of which claim
to be recycling and all satisfy the same consumer demand with respect to
beverage consumption.
Since the economic differences between the systems go relatively
unnoticed and the recycling of mass is available for either system, we
need some better device for underscoring the system differences. No
more suitable means exists to my knowledge than to examine the total
resource energy required to operate these systems for a given quantity
of beverage, an energy-effectiveness analysis.
THE ENERGY ANALYSIS
The investigation covers glass, plastic, paper, steel, and aluminum
beverage containers. The concentration of the analysis is in the soft
drink industry, because there the returnable glass bottle is still an import-
ant market item for which data are readily available. An analysis of the
beer industry has essentially the same result as that of soft drinks, and
a similar analysis is made of paper, plastic, and glass containers in the
dairy industry.
At the outset, we must realize that energy associated with the con-
tainers, not the beverage, should be tabulated. The basic approach is to
calculate the total resource energy consumed for packaging in the returnable
and throwaway systems, for one gallon of beverage delivered to the consumer.
Also, each glass container system has an optional remelting loop for discard-
ed containers,, Finally, equations are developed which give the ratio of unit
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energy (and dollar cost) for throwaways to the unit energy for returnable
bottles, as a function of the number of fills.
The energy calculations are based on the total resource energy
expenditure involved in extracting a unit of fuel from the ground, plus the
calorimetric value of the fuel itself. Thus, the resource energy of a
gallon of gasoline and of a gallon of diesel fuel are 125,000 BTU (British
Thermal Units), and 138,000 BTU, respectively (3). Natural gas has an
energy value of 1,000 BTU per cubic foot under normal supply conditions.
The resource energy required to ship one ton-mile of freight by rail is
640 BTU (4), and a typical diesel truck consumes approximately 2,400
BTU/ton-mile of cargo (4, 5).
In most of the references, the thermal equivalent of one kilowatt-
hour of electrical energy (3,412 BTU) must be converted to an equivalent
resource energy figure. As recently as 1968, coal, oil, and gas fired
steam-electric plants were only 29. 36% efficient in converting and de-
livering resource energy to the user, and this type of plant constitutes
99% of the major electricity sources in the Midwest (6). Therefore the re-
source energy required to generate one kilowatt-hour of electric power is
3,412/0.2936 = 11,620 BTU.
In this study, the entire energy consumed by the industry has been
totaled, including such things as heating and lighting. However, I have
neglected certain indirect energy commitments, mainly because they are
thought to be small and are difficult to calculate. Such energies would be
those required to make the bottling machine, delivery trucks, etc. Like-
wise, the energy of human labor is negligibly small. Tribus and Mclrvine (7)
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calculate that the resource energy requirements for human labor, for
moderately strenuous activity, are only about 0. 4% of the mechanical
energy input to a given product.
The bottler who supplied the soft drink data for this study sells
over 70 million drinks annually. His all-urban data is so extensive that
it allowed accurate comparisons of returnable bottles, throwaway bottles,
and cans. These are the major sale items, with several million fillings
annually in each form. His average number of refills for the 16 oz. return-
able is eight (8). The average unit weight of the 16 oz. returnable bottle is
1.00 lb. , and that of the 16 oz. throwaway bottle is 0.656 lb. Thus, for
each gallon of beverage which flows through the soft drink industry, one
16 oz. returnable bottle (1.00 lb. of glass) or eight 16 oz. throwaway
bottles (5.25 lb. of glass) are required.
The Returnable and Throwaway Systems
Figure 2 shows the complete histories of returnable and throwaway
glass containers in the soft drink industry. First, the raw materials are
acquired from their various sources and transported to the glass manufacturing
plant, where they are combined with recycled glass in the bottle-making pro-
cess. Finished bottles are shipped to the bottler, who washes and fills them,
and distributes them to retail outlets.
In the returnable system, the average bottle is filled N times before
it gets broken or discarded. On the other hand, in the throwaway system,
N bottles pass through the retail outlet to the consumer for each N fills of
a single returnable bottle.
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After being transported to the collected waste system, discarded
glass is separated from household wastes at about 50% efficiency. Further
sorting of separated glass by color has a 60% efficiency, and thus 30% of
the glass in the received waste is returned to the glass manufacturer for
reprocessing (9). The separation, cleaning, and sorting operations are
presently in the pilot plant stage, but the container manufacturers insist
that this is the method of the future. A small percentage of the throwaway
containers are also currently being disposed of in glass collection centers
and sent to the container manufacturers for reprocessing.
I now give the detailed computations of the energies involved in the
returnable and throwaway systems. The energy contributions from each
segment of the system are first computed in terms of the number of BTU
per pound of glass, and then this number is converted to a pair of entries
in Table 2, which lists the returnable and throwaway energies in BTU per
gallon of beverage, for each segment of the system. The conversion factors
are 1.00 lb. /gal. for returnables, and 5.25 lb. /gal. for throwaway s.
Material Acquisition for New Glass
The amounts of materials necessary for a ton of glass, and their
associated energies, are (10, 11):
Sand 1,333 1b. 344,600 BTU
Limestone 435 1b. 13,900 BTU
Soda Ash 433 1b. 1,385,300 BTU
Feldspar 151 lb. 61,400 BTU
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Therefore the acquisition energy for glass is 900 BTU/lb. Thus, the
correct entries in Table 2 are 900 BTU/gal. for returnables and 4,740
BTU/gal. for throwaways.
Transportation of Raw Materials
One of the nation's largest glass container manufacturers, who pre-
fers to remain anonymous, indicates that the average distance between the
manufacturing plant and the raw materials site is 245 miles, and that 79%
of these materials were moved by rail and 21% by diesel truck in 1971. From
this data we calculate the energy to transport the raw materials for a pound
of finished glass at 125 BTU, or 125 BTU/gal. for returnables and 650
BTU/gal. for throwaways.
Container Manufacture
A detailed examination of overall industry data (12) reveals that the
total glass container manufacturing energy, including lighting and space
heating, is 7, 740 BTU/lb. Bottle crown manufacturing energy was cal-
culated from references (1), (12) and (13), and the result was 27,000 BTU/lb.
(see Table 3). The energy for crowns is the same in both the returnable
and throwaway systems; i.e., 1,935 BTU/gal.
Transportation to the Bottler
From the Census of Transportation (13) the average distance to the
bottler is found to be 345 miles, with 70. 2% of the containers shipped by
truck and the rest by rail. Local inter-city trucking companies said that
the truck capacity averaged 1,500 cases of throwaway and 1,200 cases of
returnable bottles (14). Therefore, the transportation energy, calculated
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on a ton-mile basis and weighted to reflect the loading inequities on
trucks, is 360 BTU/lb.
Bottling, Packaging, and Transportation to the Outlet
The energy to bottle a single gallon of beverage was allocated from
the total warehousing, bottling, and transport energy on the basis of the
number of bottles processed. In 1970, the total energy consumed per
gallon of beverage was (8):
Electricity 0. 112 Kwh.
Natural Gas 2. cu. ft.
Fuel Oil 0. 01 gal.
Gasoline 2. 1 gal.
Thus, bottling and warehousing energy for returnable and throwaway bottles
were found to be 5,400 BTU/gal.
Consumption of paper, plastic, and wood were reported by two major
bottlers (8, 15). "Wood consumption was small for all types of containers.
The energy consumed in manufacturing the paper and plastic portions of
the packaging was derived in a manner similar to that shown in Table 4.
Plastic is used mainly in can systems.
The Census of Transportation (13) shows a national average soft drink
delivery distance of 231 miles, 75% of which is by private truck. Trans-
portation energy was weighted to consider the larger and heavier return-
able bottle, and the fact that returnable bottles must be shipped back to the
bottler.
The Retail Outlet and the Consumer
Soft drinks account for less than about 1% of retail outlet space, and
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therefore require a negligible amount of energy relative to other demands.
Also, consumer transportation to and from the retail outlet is neglected in
the energy calculations, because each trip to the store has multiple pur-
poses and the greatest portion of the energy expended must be charged to
items other than bottle transportation.
Collection and Hauling of Discarded Glass
Since trash hauling is a single-purpose activity, the energy consump-
tion for gas can be prorated on a ton-mile basis. Local sanitary haulers
give the following averaged information (16):
Average truck capacity 4 tons (50% load factor)
Average gasoline consumption 7 mi. /gal„
Average (round) trip 20 mi.
Using the resource energy 125,000 BTU/gal. for gasoline, the energy
consumed hauling waste can be calculated at 89. 3 BTU/lb.
Separation and Sorting of Glass
Figure 2 gives a schematic view of the pilot plant process mentioned
earlier for separation of solid waste into usable components. The sepa-
ration unit (50% efficient) requires 1,941,000 BTU/ton of waste material
input (9), and the sorting process (60% efficient) requires 523,000 BTU/ton
of glass input (17). It is assumed that the energy allocable to glass can be
taken as a percent by weight of the total process energy; i. e. , the energy
to remove a ton of glass from municipal waste is the same as that required
to remove a ton of steel, or a ton of paper. Input to the separation unit is
considered to be a unit of solid waste containing one ton of glass; thus,
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0. 5 ton of glass is output for cleaning and sorting, and the final yield is
0. 3 ton of sorted glass (30% of the original input). Note that for each
process, separation and sorting, we must charge the processing energy
on the basis of the amount of glass input; i. e. , separating one ton of glass
from a unit of solid waste consumes 1, 941, 000, even though the yield is only
0. 5 ton. Likewise, sorting the 0. 5 ton of separated glass consumes
523, 000/2 = 26 1, 500 BTU," for a yield of 0. 3 ton. Therefore, the energy
charge for separation and sorting of glass from waste is 1, 100 BTU/lb.
Transportation of Reclaimed Glass to Reprocessor
The best estimate of the transportation effort required to bring the
reclaimed glass from the point of reclamation to the container maker is
that it would be at least equal to the transportation energy per ton from
the origin of raw materials to the container maker; i. e. , 125 BTU/lb.
CONCLUSION
The most striking feature of this tabulation is that in both the return-
able and the throwaway systems the net effect of recycling discarded con-
tainers is to raise the total energy commitment. This is due to the large
energy contribution of the separation and sorting process. For example,
in the returnable system, recycling saves 900-630 =270 BTU/gal. in
material acquisition, but costs 1, 100 BTU/gal. in separation and sorting.
In both systems, the savings in transportation of raw materials is offset
by the corresponding cost of transporting broken glass to the container
maker.
Clearly, if the calculations are accurate, it is currently unfeasible
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from an incremental energy standpoint to recycle separated used glass
for making new glass bottles. Perhaps as the separation and sorting
efficiency improve, the situation will reverse. If household and commer-
cial separation are required, and separate hauling is provided, then re-
cycling is feasible from an energy standpoint if there is no alternative.
However, in the beverage industry, even if the collection and separation
energy is zero, one can easily conceive of an energy cost on the throwaway
glass to be recycled since it was not necessary to make these containers
in view of the lesser-energy-cost system of returnable bottles.
The Energy Ratio
From Table 2, the ratio of total throwaway energy to total returnable
energy can be directly calculated for N = 8 fills per bottle:
100% new: ER = 65, 345/27, 205 = 2. 4
30% recycle: ER = 69, 735/28, 040 = 2.5
For values of N other than 8, we can calculate the energy ratio according
to the following equation:
E
TA
ER = (1)
i (ER8 " EB - ECM" EBT> + EB + ECM + EBT
where
E „ = Total returnable system energy for N = 8
E-o = Bottling energy
Epw= Crown manufacturing energy
E Rr_ = Bottle transportation energy (to outlet)
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The last three items in this list are the segments of the system that do not
depend on N. From equation (1), we get two glass container system
equations, one without and one with recycling:
ER = l ,~,
100 (2)
1.75 + 0.12
N
ER 1
v
30 - (3)
1. 77
N
+ 0. 13
Equation (2) is plotted in Figure 4. Note that with unbreakable returnable
bottles and perfect consumer habits (N =oo), there is a limit to the energy
ratio.
In a manner similar to that for the glass container system, the energy
to drive the can container system is calculated almost exclusively from
Bureau of Census records (11, 12, 13). The results are given in Table 3.
The energy ratio for the paper-glass returnable milk delivery system
is 1.6 (see Table 4) (18). Obviously, a paper container is proportionately
far less energy demanding than a glass container. The total milk container
system energy could be reduced 21% by an all- returnable delivery system.
The total national energy consumed by the milk container system is negli-
gible, however, compared to soft drinks or beer.
An approximate energy analysis for polyethylene (high-density) half-
gallon milk containers (19) discloses a system energy requirement of
26,750 BTU/gal. for nonreturnable (55 grams) and 7,850 BTU/gai. for
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returnable (132 grams, 50 return trips) containers for an energy ratio
of 3.4 to 1. The paper container is superior to the plastic throwaway
container from an energy view-point, but the plastic and glass returnable
systems are nearly equivalent.
A similar energy calculation has been made for the beer industry (see
Table 5). The energy ratio for returnable versus throwaway glass containers
(12 oz. , 19 return trips) is 3. 1 when only container energies are compared.
The high transportation energy for the beer system arises from the fact that
the breweries are located, on the average, over twice as far from the con-
sumer as are soft drink bottlers.
The ratio of the cost of the throwaway to the cost of the returnable
(16 oz. glass) soft drink container can be approximated (8, 20). The cost
ratio includes only costs associated with the containers: manufacturing,
filling and refilling, handling and landfill disposal costs. The resulting
cost ratio equation is plotted in Figure 4:
1
Cost ratio = CR = (4)
1. 39
N + 0.40
Note that the container cost (and energy) break-even point is 2.30 fills.
Thus, decisions to discard a refillable system can be based on energy or
dollar economics. The important difference between the break-even points
found here and those used in practice seems to be that the latter are based
on a view of a single part of the system; i. e. , the bottler, rather than a
total system view.

22
If the wholesale beverage costs are included, the cost ratio at N = 15
would be about 1.2, indicating that the retailer is deriving a significantly-
higher profit on throwaway packages when the average retail cost ratio is
1. 3 (Illinois average) (20).
It is instructive to estimate the energy directly associated with the
beverage. These energies would include those necessary for syrup prepa-
ration, brewing, pasteurizing, water supply and sewage disposal at the
bottlers and the consumer, transporting the beverage to and from the
consumer and retailer, and cooling the beverage for consumption. These
energies are estimated at 4,250 BTU/gallon of beverage for any of the
above soft drink systems. The energy content of the soft drink delivered
by these container systems is about 6,700 BTU/gallon. Consequently, on
the average, we spend 400% more energy in returnable (15 fills) and about
975% more in throwaway delivery systems than the energy content of the
fluid delivered.
Table 6 gives similar ratios for other beverages. Caloric values of
the beverages were obtained from bottlers. Clearly, not even the best
existing returnable bottle system could survive in a subsistence society.
A further interesting outcome of the study is the distribution of
demand on resource energy as seen in Table 7. About 34 percent of the
resource energy used by the can container system goes into the production
of electricity. Similar figures for the glass container system are 17.6
percent and 18. 5 percent for the returnable and throwaway, respectively
(16 oz.
,
no remeit).
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About 14 percent of the total resource energy is diverted into
electricity in the making of finished steel shapes; 72 percent of the resource
energy goes into electricity in the production of finished aluminum shapes.
About 22 percent of the resource energy is used to make electricity in
paper production.
If the beverage industry were converted entirely to returnable con-
tainers, the 1970 container system energy, which accounts for 0.48 per-
cent of the total U. S. energy demand, would be reduced by about 40%. The
energy savings in 1970 would have supplied the total electrical needs for
Washington, D. C. , Pittsburg, San Francisco and Boston for about 5 months,
or about 30 billion kilowatt hours.
An economic and labor study in the beverage container industry has
been made for Illinois (23). If a complete return to returnables were made
in this state, a consumer saving of 75 million dollars and a net increase of
1,500 jobs would result. Although jobs would be lost in the steel and con-
tainer industries, more lower paid jobs would be produced at the wholesale
and retail level.
Extrapolating Folk's data to the national level implies an increase
in employment of 130,000 jobs and an increase in consumer savings of
$1.4 billion dollars. If the savings would develop and the consumer spent
the savings on average personal consumption, then about half of the esti-
mated energy savings or 15 billion kilowatt hours, would be realized.
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TABLE 2. ENERGY COMPILATION FOR THE SYSTEM IN FIGURE 2
BTU/gallon
RETURNABLE
(8 fills)
THROWA WAY
Material Acquisition
100% new
30% recycle
900
(630)
4,720
(3,320)
Transportation of Raw Materials
100% new
30% recycle
125
( 90)
650
(455)
Container Manufacture 7, 740 40,625
Crown Manufacture 1,935 1,935
Transportation to Bottler 360 1,895
Bottling 5,400 5,400
Paper Carrier Manufacture 7, 140 7,820
Transportation to Outlet 3, 515 1, 830
Retailer and Consumer
Collection and Hauling 90 470
Separation, Sorting (30% recy. ) (1,100) (5,775)
Return for Reproc. (30% recy. ) (40) (210)
100% new 27,205 65,345
TOTALS: 30% recycle (28,040) (69,735)
_SYSTEM ENERGY RATIOS (_ER = TA/RET).
8 fills: 100% new ER = 2.4
30% recycle ER = 2. 5
15 fills: 100% new ER = 3. 3
30% recycle ER = 3. 5

TABLE 3: ESTIMATES OF THE ENERGY DEMANDS FOR SOFT DRINK
CONTAINERS (12 OZ. CANS), PER GALLON OF BEVERAGE
CONSUMED
BTU/lb. of
finished
steel
Standard
industrial
code no.
Mining and processing needed ores
(11) 1,740 1011
Transportation of ore 1,000 miles
;
by barge (5) 470 Estimated
Manufacture of finished steel from
ore (12) 23,000 3312, 15, 16, 17
Additional energy of aluminum lid
(11.9% of total can weight five
times the unit steel energy)(12)
12,000 3334, 52
Transportation of finished steel
1 392 miles (5, 13) 190
CofT-141
Manufacture of cans (12) 2, 525 3411
Transportation to bottler (300 miles
average) (5, 13)
155 CofT-171
TOTAL- 40 > 080 BTU/lb. x 1.33 lb. /gal.
(24)(15) = 53,265 BTU/gal.
BTU/gallon
Bottling and transport energy (8, 13) 1, 750
Paper carrier manufacture (12, 15)
(SIC 2651) 3 > 1°°
Retailer and Consumer
Waste Collection (16) 110
Total energy for can container system = 58,225 BTU/gal.
Total energy for 12 oz. glass returnable sys- 7A JAn -RT, TT/ ,
tern (nearly extinct), 15 fills ~ ^4, ^4U XL U /gal.
ENERGY RATIO =2.4
(The all aluminum can system is 38% more energy consumptive than
the bi-metallic can. )

ABLE 4: ESTIMATES OF THE ENERGY DEMANDS FOR THE MILK DELIVERY
SYSTEMS (1/2 GAL.), PER GALLON OF BEVERAGE CONSUMED
FOR 33 FILLS (NATIONAL AVERAGE)
jBTU/lb. of Standard
finished BTU/gal. industrial
paper code no.
Logging and transport (12) 2,425 680 2411
Pulp plants and paper mills (12) 12,400 3,475
2611, 22,
31,61
Transportation of materials
(758 miles average) (5, 13)
310 90 CofT-061
Sanitary container manufacture
(12) 2, 110 590 2647
Transportation of new containers
(285 miles average) (5, 13) 155 45 CofT-064
Milk bottling (12) 11,425 2026
Transportation of filled containers
container transport energy only 177 65 CofT-013
(335 miles average) (5, 13)
Consumer and collection 25
TOTAL = 16,400 BTU/gal.
Energy for total paper container system = 16,400 BTU/gal.
(1/2 gal. plastic-coated paper container weighs 0.28 lb. /gal. )
Energy for total glass container system (no recycle) = 14,260 BTU/gal.
(See Table 2) (1/2 gal„ glass returnable container weighs 2.0 lb. and
has 33 fills.)
. Energy ratio with estimated 6,000 BTU/gal. removed as beverage prepa-
ration energy (homogenization and pasturization) = 1.2
The energy content of the wood needed to make the paper carton is about
3,200 BTU/gal. If the cartons are placed in landfill, this wasted energy
should be charged to the carton. Then the energy ratio =1.6

TABLE 5: ESTIMATES OF THE ENERGY DEMANDS FOR THE BEER BOTTLE
AND CAN CONTAINER SYSTEMS (12 OZ. ), PER GALLON OF
BEVERAGE CONSUMED FOR 19 FILLS PER RETURNABLE
BOTTLE (NATIONAL AVERAGE)
BOTTLES
CANS
RETURNABLE
7.04 lb. /gal.
19 fills (15)
THROWAWAY
4.68 lb. /gal.
(15)
1. 07 lb. /gal ,
(15)
Vlaterial acquisition 335 4,225
[Transportation of mater-
als (Table 1) 45 575
A
Container manufacture
Table 1) 2,865 36,210
53,
(Ta
225
ble 3)
Drown manufacture
Table 1) 2, 580 2,385
tFransportation to bottler
130 1,690Table 1)
3ottling (15) 4,975 1, 525 1, 345
Paper carrier manufacture
SIC 2651) (12, 15) 4, 900 10, 560 3, 100
transportation to outlet,
:ontainer energy only
485 miles average) (5, 13) 3,780 2,230 420
Dutlet and consumer
Collection 30 400 100
Total BTU/gal:
TA/RET
ENERGY RATIOS: 3. 1
19,640
CAN/RET
3.0
59,800
CAN/TA
1.0
58, 190

TABLE 6: RATIO OF THE TOTAL (CONTAINER AND BEVERAGE) PRODUCTION
ENERGY TO THE ENERGY CONTENT OF THE BEVERAGE CONTAINED
Returnable
system
Throwaway
system
Milk (glass-paper) 1.7 2.3
Beer (glass-glass) 4.8 10.3
Soft drink (glass-glass) 4.0 9.7 I

TABLE 7: APPROXIMATE DISTRIBUTION OF RESOURCE ENERGY FOR THE
SOFT DRINK INDUSTRY (16 OZ. CONTAINERS), FOR A 30%
RECYCLE SYSTEM
ENERGY SOURCE - %
Fuel Oil Gasoline Gas Coal
Returnable system 20 20 40 20
Throwaway system 10 10 60 20

TABLE 8: ENERGY (BTU/LB. ) OF MATERIAL OR PRODUCT
Basic form material at
producer's warehouse
Fabricated container material
delivered to filler
Virgin Recycled Virgin Recycled
Steel
25,600
(44% scrap)
34,000
(44% scrap)
Aluminum 127,000 27,200 (22) 155,300 36,200
Glass
9, 100
(Add energy
for caps)
No change for
cullet percentages
between 15% & 50%
Paper 14,800 9, 100 (21) 18,200 12,400
Plastic* 80,000 Unknown 107,200 Unknown
'Linear high- density polyethylene from ethane

TABLE 9: ENERGY RATIOS FOR VARIOUS BEVERAGE CONTAINER SYSTEMS:
THE ENERGY PER UNIT BEVERAGE EXPENDED BY A THROWA WAY
CONTAINER SYSTEM, DIVIDED BY THE ENERGY PER UNIT
BEVERAGE EXPENDED BY A RETURNABLE CONTAINER SYSTEM
CONTAINER TYPE*
Quantity Beverage
No. fills
(returnable)
Energy
ratio
Throwaway Returnable
Glass Glass 16 oz. Soft drink 15 3.3
Can (bimetal) Glass 12 oz. Soft drink 15 2.4
Glass Glass 12 oz. Beer 19 3. 1
Can (bimetal) Glass 12 oz. Beer 19 3.0
Paper Glass 1/2 gal Milk 33 1.6
Plastic Plastic 1/2 gal. Milk 50 3.4
^Without remelting loop; i. e. , discarded cans and
bottles are not returned for remanufacture
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